The study aimed to determine the prevalence of acute kidney injury (AKI) in term neonates with persistent pulmonary hypertension of the newborn (PPHN), to identify the probable risk factors, and to find its relation to mortality.
Introduction
Persistent pulmonary hypertension of the newborn (PPHN) is a serious clinical condition associated with significant mortality and detrimental complications (Roofthooft, Elema, Bergman, & Berger, 2011) .
One-year mortality varied from 7.6% in an American study (Steurer et al., 2017) to 39.5% in the Thai study of Nakwan and Pithaklimnuwong (2016) and 25.0 % in the Egyptian study of Abdel Mohsen and Amin (2013) . This discrepancy in the mortality rates reflects the multi-dimensional difference between health systems in developed and developing countries which is one of the challenging issues in the management of PPHN.
Patients and Methods
The present prospective study was conducted at Mansoura General Hospital, Mansoura, Egypt, over 3 years. The study recruited 758 term neonates admitted to the NICU. The study protocol was approved by the local ethical committee in accordance with the Declaration of Helsinki on clinical research involving human subjects. Legal guardians of included neonates gave informed consent to participate in the study. Patients were excluded if they have major congenital anomalies including congenital heart disease, congenital diaphragmatic hernia and known renal anomalies or diseases.
Upon admission, patients included in the study were subjected to careful history taking, thorough clinical examination and complete laboratory and radiological assessment. Laboratory work-up included complete blood count, blood glucose, blood culture, serum electrolytes, and arterial blood gases. Diagnosis of PPHN was established on the basis of clinical and echocardiographic criteria (Tanaka, Hayashi, Kitajima, Sumi, & Fujimura, 2007) . PPHN severity was classified according to preductal to postductal difference in transcutaneous oxygen saturation (SO2) and oxygen index (OI) as described by Roofthooft et al. (2011) .
For diagnosis of AKI, we adopted the modified KDIGO AKI definition. This definition has three grades of AKI severity depending on degree of serum creatinine rise and urinary output (Jetton & Askenazi, 2012 , 2014 . Patients were followed until they died or discharged from NICU.
Statistical analysis of the collected data was performed using SPSS 22 (IBM, USA). Numerical data were represented as mean ± standard deviation while categorical data were represented as number and percentage. Comparative analysis was achieved by Student t test for numerical data while Chi-square test or Fisher exact test were used for categorical variables. P value less than 0.05 was considered statistically significant.
Results
Among the 758 term neonates included in the study, there were 47 babies (6.2 %) with PPHN. The clinical characteristics of those babies are shown in Table 1 . AKI was reported in 16 patients (34.0 %) of the PPHN subgroup. Table-2 shows the reported causes and grades of PPHN. Comparison between patients with AKI and patients without regarding the clinical data is shown in table-3. Neonates with AKI had significantly higher mortality rate when compared with patients without (75.0 % versus 9.7 %; p=0.0001). Comparison between patients with AKI and patients without regarding the causes and grades of PPHN is shown in table-4. Patients with AKI had a significantly higher frequency of cases with very severe PPHN according to the OI. Table-5 shows no significant relation between PPHN severity and AKI grades. • Very severe 6 (37.5) 2 (6.5) AKI: Acute kidney injury, PPHN: persistent pulmonary hypertension of the newborn, SO2: oxygen saturation, OI: oxygen index.
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Discussion
The prevalence of PPHN in the present study was 6.2 % which is fairly similar to the 5.0 % prevalence reported by Egyptian study of Abdel Mohsen and Amin (2013) . There is a scarcity of studies that investigated the link between AKI associated with PPHN and neonatal outcome in the NICU. The present study identified AKI in 34.0 % of patients with PPHN. In comparison, in the study of Kamolvisit, Jaroensri, Ratchatapantanakorn, and Nakwan (2018) , AKI was reported in 28.4 % of neonates with PPHN. While both studies adopted the KDIGO classification of AKI, participation in our study was limited to term babies to minimize the problems associated with AKI definition and classification in preterm infants. In the present study, the most commonly reported causes of PPHN were meconium aspiration syndrome (MAS) followed by sepsis and transient tachypnea of the newborn. MAS was the most associated condition with PPHN in the studies of Alano, Ngougmna, Ostrea, and Konduri (2001) , Hsieh, Yang, and Fu (2001) and Chotigeat, Champrasert, Khorana, Sangtaweesin, and Kanjanapattanakul (2014) .
Patients with AKI in our study experienced significantly lower 5-min. Apgar score and suffered higher mortality rate (75.0%). Probably, this may be related to the combined hazards of higher rates of advanced grades of PPHN and AKI noted by the present study. In fact, the association between AKI and NICU mortality was reported by many studies including heterogenous neonatal populations (Kriplani, Sethna, Leisman, & Schneider, 2016; Miklaszewska et al., 2014; Stojanovic, Barisic, Milanovic, & Doronjski, 2014; Timovska, Cekovska, & Tosheska-Trajkovska, 2015) .
Of note, the present study revealed a significant association between AKI and PPHN severity as assessed by OI. This novel finding may provide a clinical evidence of some shared pathophysiological mechanisms between PPHN and AKI. Among these, the role of activity of hypoxia induced factors (HIF) was reported in neonates with PPHN (Wedgwood, Lakshminrusimha, Schumacker, & Steinhorn, 2015) . In spite of the fact that the role of HIF in the pathogenesis of neonatal AKI wasn't addressed yet, its role was discussed in experimental studies Ortega et al., 2013) . Also, the role of reactive oxygen species was highlighted in PPHN (Afolayan et al., 2012; Wedgwood et al., 2011) and AKI (Plotnikov et al., 2017) . However, the exact interaction among various pathophysiological mechanisms underlying both conditions remains to be elucidated.
Conclusions
AKI is prevalent in neonates with PPHN. It is significantly associated with mortality. There is suggested link between AKI and severity of PPHN.
